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In the title compound, {[Ca(C 7 H 4 FO 2 ) 2 (H 2 O) 2 ]-0.5C 10 H 8 N 2 }„, 
the Ca 11 atom is coordinated by eigth O atoms from four 2- 
fiuorobenzoate ligands and two water molecules, resulting in a 
distorted CaO g square-antiprismatic coordination environ- 
ment. The 2-fluorobenzoate ligand bridges two symmetry- 
related Ca 11 atoms, giving rise to a chain structure extending 
along [100]. The distances between the Ca atom and its two 
symmetry-related counterparts are 4.054 (2) and 4.106 (2) A. 
The polymeric chains are connected by classical O— H- ■ -N 
hydrogen bonds into a layer structure parallel to (010). The 
layers are connected by non-classical C— H- • F hydrogen 
bonds into a three-dimensional supramolecular structure. O — 
H- ■ O and C— H- ■ O interactions also occur. The uncoordi- 
nated 2,2'-bipyridine molecule is located on a centre of 
symmetry at the mid-point of the bond between the two 
heterocycles. One of the two benzene rings is disordered over 
two sites with occupancy factors of 0.60 and 0.40. 

Related literature 

For other metal complexes with the 2-fluorobenzoato ligand, 
see: Zhang et al. (2005a,fc); Zhang (2006, 2008); Jin (2011). For 
related structures, see: Zhang (2009); Karipides et al. (1988). 




Experimental 

Crystal data 

[Ca(C 7 H4FO 2 ) 2 (H 2 O) 2 ]-0.5C 10 H 8 N 2 

M r = 432.41 

Triclinic, PI 

a = 7.9063 (16) A 

b = 10.212 (2) A 

c = 12.147 (2) A 

a = 94.68 (3)° 

/3 = 104.33 (3)° 

Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
Tm,, = 0.914, r max = 0.939 

Refinement 

R[F 2 > 2a(F 2 )} = 0.061 

wR(F 2 ) = 0.214 

S = 1.17 

3306 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 92.98 (3)° 
V = 944.4 (3) A 3 
Z = 2 

Mo Ka radiation 
/x = 0.39 mm~' 
T = 295 K 

0.34 x 0.19 x 0.16 mm 



7478 measured reflections 
3306 independent reflections 
2136 reflections with / > 2tr(/) 
R iM = 0.053 



271 parameters 

H-atom parameters constrained 
A/W = 0.64 e A~ 3 
Ap mi „ = -0.73 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Ol-HM-Nl 


0.82 


2.21 


2.835 (5) 


133 


01-H1B-05' 


0.82 


2.02 


2.782 (5) 


154 


02-H2/1- ■ 04" 


0.82 


2.12 


2.741 (5) 


132 


02-H2B- ■ Fl ui 


0.82 


2.62 


3.363 (5) 


151 


C7-H7- ■ 02' 


0.93 


2.60 


3.189 (7) 


122 


C10-H10- ■ -F2 lv 


0.93 


2.54 


3.281 (2) 


136 



Symmetry codes: (i) — x + 1 , 
(iv) -x, -v + 3, -z + 1. 



-y + 2,-z + 1; (ii) 



-y + 2, — z + 1; (iii) -v. y — 1, z; 



Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku/MSC, 
2002); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: SHELXTL (Sheldrick, 2008); software 
used to prepare material for publication: SHELXL97. 

The authors gratefully acknowledge the financial support of 
the Education Office of Zhejiang Province (grant No. 
20051316). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RK2307). 
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catena-Poly [ [(diaquacalcium)-bis(/*-2-fluorobenzoato)-l ' : 1/c 3 0: 0,0' ; 1 : 1 "k 3 0,0' : O] 2,2 '-bipyrid- 
ine hemisolvate] 

B.-S. Zhang, J.-L. Lin, X.-F. Jin, R. Huang and L.-L. Luo 
Comment 

A metal ions with 2-fluorobenzoato ligands can form, among others, mononuclear, dinuclear, one-dimensional chain com- 
plexes (Zhang et ah, 2005a, b; Zhang, 2006, 2008; Jin, 2011). Only a few reports of one-dimensional chain structure com- 
plexes includinng uncoordinated 2,2'-bipyridine molecules have been published. 

In this paper we would like to report the synthesis, molecular and crystal structures of an one-dimensional chain complex 
including 2-fluorobenzoato, 2,2'-bipyridine and calcium(II). The crystal structure of title compound is similar to previously 

published structures (Zhang, 2009; Karipides et al. , 1988). Within the title compound, each Ca 11 ion is coordinated by eight O 
atoms from two water molecules and four carboxyl groups of 2-fluorobenzoic acid anions in a distorted square-antiprismayic 
geometry. Two U3-carboxyl group of the 2-fluorobenzoic anions bridges two symmetry related calcium(II) atoms giving 
rise to an one -dimensional chain structure extending along the [10 0] direction, with Ca-0 bond lengths in the range of 

2.381 (4)Ato 2.726 (4)A. Separation between Cal and Cal 1 , Cal andCal 11 [symmetry codes: (i) -x, 2-y, 1-z; (ii) 1-x, 2-y, 1-z] 
are 4.054 (2)A and 4. 106 (2)A (Fig. 1). The polymeric chains are connected via 01-H1A---N1 hydrogen bonds interactions 
between the coordinates water and 2,2'-bipyridine molecules in to a two dimensional layer structure parallel to (0 1 0) (Fig.2). 

The middle of bond C5-C5 111 [symmetry code: (iii) -x, 2-y, -z] of non-coordinated 2,2'-bipyridine molecule is located in 

center of symmetry position. The layers are connected by CT0-H10-F2 V [symmetry code: (v) -x, 3-y, 1-z] weak hydrogen 

bonds interactions in to a three-dimensional supramolecular structure (Fig. 2). The Ol-HIA - Nl and C10-H10 - F2 V bond 

lengths are 2.835 (5)A and 3.281 (2)A, the Ol-HIA-Nl and C10-H10-F2 V bond angles are 133° and 136°. 

Experimental 

CaC0 3 (0. 1005 g, 1 .00 mmol), 2-fluorobenzoic acid (0.0625 g, 0.45 mmol), 2,2'-bipyridine (0.05 12 g, 0.33 mmol), CH 3 OH/ 
H2O (v/v = 1:2, 15 ml) were mixed and stirred for 2.0 h. Subsequently, the resulting cream suspension was heated in a 23 
ml Teflon-lined stainless steel autoclave at 433 K for 5800 minutes. After the autoclave was cooled to room temperature 
according to the procedure at 2600 minutes. The solid was fdtered off. The resulting fdtrate was allowed to stand at room 
temperature, and slow evaporation for 2 months afforded colorless block single crystals. 

Refinement 

A C-bound H atoms were placed in calculated positions, with C-H = 0.93 A and (7i S0 (H) = 1.2(7 e q(C), and were refined 
using the riding-model approximation. The H atoms of the water molecule were located in a difference Fourier map and 
refined with an O-H distance restraint of 0.82A and (7i S0 (H) = 1.5(7 e q(0). One - F2 atom and benzene ring (C13-C18) are 
disordered over their sites with occupancy factors of 0.60 and 0.40. 
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Fig. 1. The structure unit of the title compound, showing the atom-labelling scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. Symmetry codes: (i) -x, 2-y, 1-z; 
(ii) l-x, 2-y, 1-z); (hi) -x, 2-y, -z. 



Fig. 2. A packing diagram of the title complex, viewed along the a axis. The 01-H1A - N1 

and C10-H10 - F2 V hydrogen bonds (dashed lines) in the title compound. Symmetry code: (v) 
-x, 3-y, 1-z. 



"3 O 

cafena-Poly[[(diaquacalcium)-bis(u-2-fluorobenzoato)-\ 1':1k 0:0,0';1:1"k 0,0':0] 2,2'-bipyridine hemisolv- 
ate] 



Crystal data 

[Ca(C7H4F02)2(H20)2]-0.5CioH 8 N2 
M r = 432.41 

Triclinic, PI 
Hall symbol: -P 1 
a = 7.9063 (16) A 
b= 10.212 (2) A 
c= 12.147 (2) A 
a = 94.68 (3)° 
P= 104.33 (3)° 
Y = 92.98 (3)° 
V= 944.4 (3) A 3 



-3 



2 = 2 

F(000) = 446 
D x = 1.521 Mgm~ 
Mo i&x radiation, X. = 0.71073 A 
Cell parameters from 5423 reflections 
6 = 3.2-25.0° 

H = 0.39 mm -1 
7=295 K 
Block, colourless 
0.34x0.19x0.16 mm 



Data collection 



Rigaku R-AXIS RAPID 
diffractometer 



3306 independent reflections 
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Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
r min = 0.914, r max = 0.939 
7478 measured reflections 



2136 reflections with / > 2a(7) 



: = 25.0°, 8 mm = 3.2° 



h = -9^9 

* = -12-*12 
/ = -14-»14 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.061 
wR(F 2 ) = 0.214 

5= 1.17 

3306 reflections 
271 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 {F 2 ) + (0.07 IP) 2 + 2.358P] 
where P = {F 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.64 e A~ 3 
Apmin = -0.73 e A~ 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, i?- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TT- *IT1 


Cal 


0.23787 (12) 


0.95355 (10) 


0.48080 (8) 


0.0330 (3) 


Nl 


0.1493 (6) 


0.8835 (5) 


0.0638 (4) 


0.0459 (12) 


Fl 


0.1676 (5) 


1.4460 (3) 


0.4314(4) 


0.0647(11) 


Ol 


0.2997 (5) 


0.8935 (4) 


0.3020 (3) 


0.0428 (9) 


H1B 


0.3916 


0.9137 


0.2857 


0.064* 


H1A 


0.2274 


0.8545 


0.2473 


0.064* 


02 


0.1035 (5) 


0.7532 (4) 


0.5270 (4) 


0.0517(11) 


H2B 


0.1394 


0.6793 


0.5299 


0.078* 


H2A 


0.0534 


0.7759 


0.5762 


0.078* 


03 


0.4861 (4) 


1.1408(4) 


0.4636 (3) 


0.0380 (9) 


04 


0.2084 (4) 


1.1781 (4) 


0.4336 (3) 


0.0436 (10) 
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Atomic displacement parameters (A 2 ) 
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a a 1 r 1 /1 f\ 

0.0161 (16) 


A A A O C\ \ 

0.048 (2) 


A A 1 A /T\ 

0.019 (2) 


01 


0.0347 (19) 


A ACA /T\ 

0.059 (3) 


a nno / 1 a\ 

0.0338 (19) 


A AAAT /1 T\ 

0.0002 (17) 


A A A A"7 / 1 r\ 

0.0097 (16) 


A AA 10/1 1\ 

-0.0018 (17) 


02 


a mn /t\ 
U.Uiy (2) 


A A A T /T\ 

U.U43 (2) 


A A O C /T \ 

U.UoD (3) 


A A 1 A 1 / 1 *7^ 

U.U1U1 (1 /) 


A AT 1 

0.031 (2) 


A ATT /'T^ 

U.U23 (2) 


03 


a atoa /1 "7\ 

0.0280 (17) 


A A A A /T\ 

0.044 (2) 


A A/If /T \ 

0.045 (2) 


0.0104 (16) 


A A 1 AA ( 1 f \ 

0.0109 (16) 


A A1 TA ( 1 "7\ 

0.0129 (17) 


04 


0.0304 (18) 


A AT f C\\ 

0.036 (2) 


A AT 1 /I \ 

0.071 (3) 


A AA^A ( 1 C\ 

0.0020 (15) 


A AT 1 C ( 1 0\ 

0.0215 (18) 


A A 1 O C ( 1 A\ 

0.0185 (19) 


05 


0.0291 (18) 


0.078 (3) 


A A A r /t\ 

0.046 (2) 


A AA C A / 1 A\ 

0.0059 (19) 


A AI 1/" / 1 T\ 

0.0136 (17) 


A AAC /T\ 

-0.005 (2) 


06 


a m 1 a ( 1 
U.U214 (16) 


A A/1 O /T\ 

0.048 (2) 


A A A 1 /'"^ 

U.U41 (2) 


A AAA*7 /1 C\ 

U.UUU / (Id) 


A AA C A ( 1 C\ 

U.UUDy (Id) 


A A A 1 7 / 1 /C\ 

U.UU1 / (lo) 


CI 


a rtrn /t \ 

0.050 (3) 


A A/") / ,1 \ 

0.063 (4) 


A A C A /I \ 

0.050 (3) 


A A 1 T /") \ 

0.012 (3) 


A A 1 T /") \ 

0.012 (3) 


A A 1 1 /T \ 

0.011 (3) 


/tt 

C2 


a a/;t [A \ 

0.063 (4) 


a A/; 1 

0.061 (4) 


A AC/C //I ~\ 

0.056 (4) 


A A 1 A /T~\ 

0.014 (3) 


A AT 1 t"l\ 

0.021 (3) 


A AAT /T\ 

0.002 (3) 


r^T 
C3 


A AT /I t A \ 

0.074 (4) 


a a/;a //i\ 

0.060 (4) 


A A A T n\ 

0.043 (3) 


A AA"7 /T~\ 

0.007 (3) 


A A 1 C /T\ 

0.015 (3) 


A AAC t"l\ 

-0.005 (3) 


C4 


A AT 1 i A \ 

0.071 (4) 


A A/1 O //1\ 

0.048 (4) 


A AT 0 n\ 

0.036 (3) 


A AAT /T\ 

0.002 (3) 


A A 1 "t /T \ 

0.012 (3) 


A AAT /T\ 
0.002 (3) 


C5 


a at r /t \ 

0.036 (3) 


A A A C /T \ 

0.045 (3) 


A AT C /I \ 

0.035 (3) 


A AA^ / ^ \ 

-0.002 (2) 


A AAA \ 

0.009 (2) 


A AAT / T \ 

0.002 (2) 


Co 


A ATA /T \ 

0.030 (2) 


A AT T /T\ 

0.032 (3) 


A ATA 

0.039 (3) 


a aa 1 
0.001 (2) 


A A A t> 

0.008 (2) 


A A A O /TA 

0.008 (2) 


C7 


A AT O n\ 

0.038 (3) 


A A/IT /T\ 

0.042 (3) 


A aca n\ 

0.050 (3) 


A AA/C /'>^ 

0.006 (2) 


A A 1 C /T\ 

0.015 (3) 


A A 1 A /T\ 

0.014 (3) 


C8 


0.052 (3) 


0.062 (4) 


A ACA ( A\ 

0.059 (4) 


A A A 1 /I \ 

0.001 (3) 


A AI C /T \ 

0.025 (3) 


A A 1 A /T \ 

0.019 (3) 


C9 


a r\ r r\ ( a \ 

0.060 (4) 


A ac T / ,1 \ 

0.057 (4) 


0.055 (4) 


A AAA 1") \ 

0.000 (3) 


0.023 (3) 


A A 1 O /T \ 

0.018 (3) 


CIO 


0.056 (4) 


A AT /T\ 

0.036 (3) 


0.065 (4) 


A AAA /1\ 

0.009 (3) 


A AAT /1\ 

0.007 (3) 


A A 1 "7 /T \ 

0.017 (3) 


Cll 


A AT C /T ^ 

U.UiD (3) 


U.U42 (3) 


A A A A /T ^ 

U.U4V (3) 


A AA A (^\\ 

0.004 (2) 


A A 1 *7 /''>^ 

U.U1 / (2) 


A AAA /'T^ 

0.009 (2) 


C12 


A AO /I i"T \ 

0.024 (2) 


0.047 (3) 


A AT A /T \ 

0.034 (3) 


0.002 (2) 


A AA1 fW 

0.003 (2) 


A AAC /T\ 

0.005 (2) 


C13 


A All /T \ 

0.033 (3) 


A AT /" /C\ 

0.026 (5) 


A A A A / A \ 

0.044 (4) 


A AA A /1\ 

0.004 (3) 


A ATT /") \ 

0.022 (3) 


A A 1 O ( A \ 

-0.018 (4) 


C14 


A A A A //I \ 

0.049 (4) 


A ACT /C\ 

0.057 (5) 


A ATO /C\ 

0.078 (5) 


A AA1 

0.003 (4) 


A AT "7 //I \ 

0.037 (4) 


A AAO / A\ 

0.008 (4) 


T7T 

F2 


0.101 (6) 


A AA*7 /'7\ 

U.Uv / (/) 


A 1 TT /T"\ 

0.122 (/) 


0.025 (5) 


0.026 (6) 


0.016 (6) 


C15 


A ATT / 1 1 \ 

0.073 (11) 


A (Iff! /T\ 

0.059 (7) 


0.141 (9) 


A A 1 1 f C\ 

-0.013 (5) 


A A "7 O /0\ 

0.078 (8) 


A A A T C~l \ 

-0.042 (7) 


C16 


A AO O /1 A\ 

0.088 (14) 


A A A C / 1 A \ 

0.095 (14) 


A 1 1 A ZO\ 

0.114 (8) 


A AT A tZ>\ 

-0.034 (8) 


A A/CO ZO\ 

0.068 (8) 


A AT C /t>~\ 

-0.075 (8) 


C17 


0.066 (8) 


A 1 1 A /1 T\ 

0.110 (17) 


A A A O /C\ 

0.048 (5) 


A AT "t /t>~\ 

-0.032 (8) 


A ATT /C~\ 

0.023 (5) 


A A/1 A t £L\ 

-0.044 (6) 


C18 


0.050 (4) 


0.060 (7) 


0.025 (4) 


-0.017 (5) 


0.014 (3) 


A ATT / A \ 

-0.027 (4) 


C13' 


0.033 (3) 


0.026 (5) 


0.044 (4) 


0.004 (3) 


0.022 (3) 


-0.018(4) 


C14' 


0.049 (4) 


0.057 (5) 


0.078 (5) 


0.003 (4) 


0.037 (4) 


0.008 (4) 


C15' 


0.073 (11) 


0.059 (7) 


0.141 (9) 


-0.013 (5) 


0.078 (8) 


-0.042 (7) 


C16' 


0.088 (14) 


0.095 (14) 


0.114(8) 


-0.034 (8) 


0.068 (8) 


-0.075 (8) 


C17' 


0.066 (8) 


0.110(17) 


0.048 (5) 


-0.032 (8) 


0.023 (5) 


-0.044 (6) 


C18' 


0.050 (4) 


0.060 (7) 


0.025 (4) 


-0.017(5) 


0.014(3) 


-0.027 (4) 


F2' 


0.050 (5) 


0.070 (6) 


0.035 (4) 


0.017(4) 


0.001 (4) 


0.016 (4) 


C19 


0.032 (3) 


0.039 (3) 


0.040 (3) 


0.002 (2) 


0.011 (2) 


0.007 (2) 



Geometric parameters (A, 

Cal— Ol 

Cal— 06 1 

Cal— 03" 
Cal— 04 
Cal— 02 



2.381 (4) 
2.386 (3) 
2.396 (3) 
2.418 (4) 
2.426 (4) 



C6— Cll 
C6— C7 
C6— C12 
C7— C8 
C7— H7 



1.390 (7) 
1.394 (7) 
1.483 (7) 
1.380 (8) 
0.9300 
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Cal— 05 


2.427 (4) 


Cal— 06 


2.662 (4) 


Cal— 03 


2.726 (4) 


Cal— C19 


2.904 (5) 


Cal— C12 


2.935 (6) 


Cal — Cal' 


4.054 (2) 


( - i / ■ 1 11 
Cal — Cal 


4 1 06 (1\ 


Cal — Hz A 


L. /06i 


Ml f~i 1 

JN 1 — CI 


1.335 (5) 


JN 1 — Cj 


1 1 AC\ fH\ 

1.34V (/) 




1 .J JO ) 


Ol — H1B 


0.8200 


Ol — H1A 


0.8200 


02 — H2B 


0.8200 


02— H2A 


0.8200 


03— C12 


1.267 (6) 


03— Cal" 


2.396 (3) 


OA — C12 


1.253 (6) 


05 — C19 


1.266 (6) 


06 — C19 


1.266 (6) 


c\& r^n 1 1 
Uo — Cal 


OU ^ J J 


CI — CZ 


1 1 HC (C\\ 

1.3 /o (v) 


Z" 1 1 I I 1 

CI — ril 


0.9300 


CZ Cj 


1 .30U (y ) 


C2— H2 


0.9300 


C3— C4 


1.374 (9) 


C3— H3 


0.9300 


C4— C5 


1.399 (8) 


C4 — H4 


U.V3UU 


C5 — C5 


1 474. n 1 "1 
i.t /t ^11 ^ 


Ol— Cal— 06' 


86.09 (12) 


Ol— Cal— 03" 


77.46 (13) 


06'— Cal— 03" 


152.43 (14) 


Ol— Cal— 04 


90.21 (14) 


06'— Cal— 04 


77.91 (13) 


03"— Cal— 04 


123.52 (13) 


Ol— Cal— 02 


104.41 (15) 


06'— Cal— 02 


75.11 (13) 


03"— Cal— 02 


87.62 (13) 


04— Cal— 02 


148.15 (13) 


Ol— Cal— 05 


147.97 (13) 


06'— Cal— 05 


124.39 (13) 


03"— Cal— 05 


77.36 (13) 


04— Cal— 05 


87.44 (15) 


02— Cal— 05 


93.99 (15) 


Ol— Cal— 06 


157.37 (12) 
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C8 — C9 


1.388 (9) 


C8— H8 


0.9300 


C9— C10 


1.372 (9) 


C9— H9 


0.9300 


C10— Cll 


1.393 (8) 


C10— H10 


0.9300 


(313 ci9 


1 xr\ n %\ 

1 t J / J ^Uj 


C 1 3 — C 1 6 


1 /I 1 1 / 1 /I \ 

1.411 (14) 


C13 — C14 


1 .4Zo (1 1 ) 


C14 T L 


1 1 "7/1 A 
1.1 /4U 


1^14 1^1 J 




CIS C16 


1.32 (2) 


C15 — H15 


0.9300 


C16 — C17 


1 39 f2) 


CI 6— HI 6 


0.9300 


C17— C18 


1.410 (15) 


C17— H17 


0.9300 


C18 — H18 


0.9300 


C13' — C14' 


1.3900 


C13' — C18' 


1.3900 


LlJ v. 1 y 


1 .UUU / J 


C14 — CI J 


1 .3V00 


1 A I Hill A 

C14 — H14A 


0.V300 


f ■ 1 CI f ■ 1 f\ 

CI J — Clo 


1 .3yuu 


CI 5'— H15A 


0.9300 


C16'— C17' 


1.3900 


C16'— H16A 


0.9300 


C17'— C18' 


1.3900 


/^1"7l TT 1 "7 A 

CI / — HI / A 


A AT AA 

0.9300 


Clg' p2' 




C19 — 05 — Cal 


98.8 (3) 


C19— O6— Cal 1 


163.8 (3) 


CI 9— O6— Cal 


87.8 (3) 


Cal 1 — O6— Cal 


106.69 (13) 


Nl— CI— C2 


123.9 (6) 


Nl— CI— HI 


118.0 


C2— CI— HI 


118.0 


C3— C2— CI 


118.3 (6) 


C3— C2— H2 


120.8 


CI— C2— H2 


120.8 


C2— C3— C4 


119.8 (6) 


C2— C3— H3 


120.1 


C4— C3— H3 


120.1 


C3— C4— C5 


119.1 (6) 


C3— C4— H4 


120.4 


C5— C4— H4 


120.4 
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O6 1 — Cal— 06 


73.31 (13) 


03"— Cal— 06 


125.15 (12) 


04— Cal— 06 


76.64(12) 


02— Cal— 06 


79.65 (13) 


05— Cal— 06 


51.10(11) 


Ol— Cal— 03 


75.15 (12) 


\JU val UJ 


123.49 (12) 


03 — Cal — 1)3 


71 SQ ( 1 


04 — Cal — 03 


50 07 nil 


02— Cal— 03 


160.92 (12) 


05— Cal— 03 


78.98 (13) 


06— Cal— 03 


108.30 (12) 


Ol— Cal— C19 


166.43 (14) 


Plfi' Pn1 P1Q 
UO vdl V. 1 y 


98.95 (14) 


03 11 — Cal — C19 


1 m 1 c ( 1 a \ 

102.15 (14) 


r\ a /—1 1 pin 

04 — Cal — C19 


78.65 (14) 


02 Cal CI 9 


89 09 C1 5 s ) 


05— Cal— C19 


25.52 (13) 


06— Cal— C19 


25.84 (12) 


03— Cal— C19 


91.65 (13) 


Ol— Cal— C12 


80.01 (14) 


Of.' Pal PI? 
\JU vdl V. 1Z 


99.63 (13) 


03 11 — Cal — C12 


yy.ll (13) 


04 — Cal — C12 


24.73 (12) 


02 Cal CI 2 


172 69 d 4 s ! 


05— Cal— C12 


84.77 (15) 


06— Cal— C12 


94.05 (13) 


03— Cal— C12 


25.52 (11) 


C19— Cal— C12 


86.70(15) 


Ol— Cal— Cal' 


124.48 (10) 


06'— Cal— Cal' 


38.98 (9) 


03"— Cal— Cal' 


154.16 (10) 


04— Cal— Cal' 


74.03 (9) 


02— Cal— Cal' 


74.38 (9) 


05— Cal— Cal' 


85.42 (9) 


06— Cal— Cal' 


34.33 (7) 


03— Cal— Cal' 


122.07 (9) 


C19— Cal— Cal' 


60.03 (10) 


C12— Cal— Cal' 


98.33 (11) 


Ol— Cal— Cal" 


72.73 (9) 


06'— Cal— Cal" 


152.07 (10) 


03"— Cal— Cal" 


39.55 (9) 


04— Cal— Cal" 


84.04 (9) 


02— Cal— Cal" 


127.10(10) 



Nl— C5— C4 


121.3 (5) 


Nl— C5— C5'" 


116.6 (6) 


C4 — C5— C5'" 


122.1 (6) 


Cll— C6— C7 


115.6 (5) 


Cll— C6— C12 


124.3 (5) 


C7— C6— C12 


120.2 (5) 


C8 — C7 — C6 


122.1 (5) 


c^i tr? 


1 1 C Q 


Cf, P7 H7 


1 1 8 Q 


C7— C8— C9 


120.0 (6) 


C7— C8— H8 


120.0 


C9— C8— H8 


120.0 


C10— C9— C8 


120.1 (6) 


C10 — C9 — H9 


119.9 


pin /Tl TTPl 

C8 — C9 — H9 


119.9 


C9 — CIO — Cll 


118.4 (6) 


po pi n u 1 n 

\^y — v. 1 u — 1 1 1 u 


1 ?n x 

1 zu.o 


Cll— C10— H10 


120.8 


Fl— Cll— C6 


120.0 (5) 


Fl— Cll— C10 


116.3 (5) 


C6— Cll— C10 


123.7 (5) 


04 — C12 — 03 


121.1 (5) 


(J4 — C 1 1 — Co 


IZU.V (4) 


03 — C12 — C6 


110 f\ / A \ 

ll 8.0 (4) 


P14 PI ? Pal 


JJ.O ^3 f 


03— CI 2— Cal 


68.0 (3) 


C6— CI 2— Cal 


168.8 (3) 


C19— C13— C18 


121.3 (9) 


C19— C13— C14 


121.9 (9) 


C18— C13— C14 


116.8 (9) 


F2— CI 4— C15 


115.4(10) 


F2— CI 4— C13 


123.5 (5) 


C15— C14— C13 


120.9 (12) 


C16— C15— C14 


122.7 (14) 


C16— C15— H15 


118.7 


C14— C15— H15 


118.7 


C15— C16— C17 


118.8 (13) 


C15— C16— H16 


120.6 


C17— C16— H16 


120.6 


C16— C17— C18 


122.1 (15) 


C16— C17— H17 


118.9 


C18— C17— H17 


118.9 


C17— C18— C13 


118.6(12) 


C17— C18— H18 


120.7 
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05— Cal— Cal" 


75.25 (9) 


06— Cal— Cal" 


122.98 (9) 


03— Cal— Cal" 


34.04 (7) 


C19— Cal— Cal" 


98.16(11) 


C12— Cal— Cal" 


59.56 (10) 


Cal'— Cal— Cal" 


151.36(6) 


Ol— Cal— H2A 


120.1 


Ofi' Pn1 H7A 


73.1 


03" — Cal — H2A 


yb.l 


OA — Cal — H2A 


135.5 


Oz — Ca 1 — Hz A 


16.5 


05 Cal H2A 


82.1 


06— Cal— H2A 


63.2 


03— Cal— H2A 


160.0 


CI 9— Cal— H2A 


73.5 


CI 2— Cal— H2A 


157.2 


p„ 1 > Ca 1 H7 A 

\^dl — ^ai — riz/\ 


62.1 


Cal" — Cal — H2A 


133.4 


CI — Nl — C5 


117.5 (5) 


S • 1 -V 1 III T-) 

Cal — Ol — H1B 


124.9 


\^tl 1 V./ 1 1 1 1 t\ 


1 7"? ^ 


H1B — Ol — H1A 


111.6 


Cal— 02— H2B 


129.3 


Cal— 02— H2A 


106.1 


H2B— 02— H2A 


115.3 


C12— 03— Cal" 


167.0 (3) 


C12— 03— Cal 


86.5 (3) 


Cal"— 03— Cal 


106.41 (13) 


C12— 04— Cal 


101.4 (3) 


Symmetry codes: (i) 


-x, -y+2, -z+1; (ii) -x+\, -y+2, -z+1 



C13— C18— H18 120.7 

C14'— C13'— C18' 120.0 

C14'— C13'— C19 119.4(5) 

C18'— C13'— C19 120.6(5) 

C13'— C14'— C15' 120.0 

C13'— C14'— H14A 120.0 

C15'— C14'— H14A 120.0 

C16'— C15'— C14' 120.0 

C16'— C15'— H15A 120.0 

C14'— C15'— H15A 120.0 

CI 7'— CI 6'— C15' 120.0 

CI 7'— CI 6'— H16A 120.0 

C15'— CI 6'— H16A 120.0 

C16'— CI 7'— C18' 120.0 

CI 6'— CI 7'— H17A 120.0 

CI 8'— CI 7'— H17A 120.0 

CI 7'— CI 8'— C13' 120.0 

CI 7'— CI 8'— F2' 125.0 

C13'— CI 8'— F2' 114.8 

05— C19— 06 121.1 (5) 

05— C19— C13 117.2(7) 

06— C19— C13 121.7(7) 

05— C19— C13' 120.8 (7) 

06— C19— C13' 118.0(7) 
C13— C19— C13' 4.8(6) 

05— C19— Cal 55.7(3) 

06— C19— Cal 66.4(3) 
C13— C19— Cal 168.7 (8) 
C13'— C19— Cal 167.9 (8) 

; (Hi) -x, -y+2, -z. 



Hydrogen-bond geometry (A, °) 



D—H-A 


D—H 


H—A 


D-A 


D—H-A 


Ol— H1A-N1 


0.82 


2.21 


2.835 (5) 


133 


Ol— HlB-05" 


0.82 


2.02 


2.782 (5) 


154 


02— H2A-04' 


0.82 


2.12 


2.741 (5) 


132 


02— H2B-Fl iv 


0.82 


2.62 


3.363 (5) 


151 


C7— H7-02" 


0.93 


2.60 


3.189 (7) 


122 


C10— H10-F2 V 


0.93 


2.54 


3.281 (2) 


136 


Symmetry codes: (ii) -x+1, -y+2, -z+1; (i) -x, 


-y+2, -z+ 1 ; (iv) x,y-\, 


z; (v) -x, 


-y+3, -z+1. 
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